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ABSTRACT
Most of the literature on bipo-

lar disorder has focused on
abnormalities of neurotransmit-
ters rather than brain circuits.
The few discussions of circuits
have primarily focused on the
limbic system. Evidence is accu-
mulating, however, that basal
ganglia-thalamic-cortical reen-
trant circuits play a major role in
the affective, motor and cogni-
tive symptoms of a number of
neuropsychiatric conditions
including bipolar disorder. In this
paper, the authors argue that
there is compelling direct and
indirect evidence of frontal-sub-
cortical circuit abnormalities in
patients with bipolar affective
disorder. 
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INTRODUCTION
Bipolar affective disorder is a

complex neurobiological illness1

and the pathophysiology of this
condition remains poorly under-
stood.2,3 Most of the literature on
this disorder has focused on
abnormalities of neurotransmit-
ters rather than brain circuits.
The few discussions of circuits
have primarily focused on the
limbic system. The basal ganglia-
thalamic-cortical reentrant cir-
cuits, generally known as frontal-
subcortical (FSC) circuits, are
one of the primary brain net-
works and are involved in motor,
cognitive and emotional process-
ing.4–6 There is accumulating evi-
dence, however, that these cir-
cuits play a major role in the
affective, motor and cognitive
symptoms of a number of neu-
ropsychiatric conditions including
bipolar disorder.4–14

OVERVIEW OF FRONTAL-
SUBCORTICAL (FSC) CIRCUITS 

The five FSC circuits are one
of the primary organizational net-
works of the brain and are highly
involved in brain-behavior rela-
tionships.4,5,9 The five circuits are
the motor, oculomotor, dorsolat-
eral prefrontal (DLPF), anterior
cingulate (AC), and orbitofrontal
(OF). These circuits share a gen-
eral structure consisting of the
cortex, basal ganglia and thala-
mus (Figure 1). Information orig-
inates from the cerebral cortex,
travels first to the basal ganglia
then on to the thalamus, and
finally returns to numerous areas
of the cortex.6,15 This feedback to
multiple cortical areas results in
FSC processing in cognitive,
emotional, and sensory as well as
motor domains.5,9,16 All FSC cir-
cuits have both a direct and an
indirect pathway, which have
“opposite” or reciprocal functions
(Figure 2).

Direct FSC pathway.
Excitatory. Information that
flows by way of the direct FSC
pathway increases excitatory

flow to the cortex. The basal gan-
glia can be characterized as
either “input” or “output”
nuclei.16 The caudate, putamen,
and ventral striatum make up the
input nuclei and receive excitato-
ry glutamate projections from
multiple areas of the cortex.15–17

The input nuclei then connect by
way of inhibitory gamma
aminobutyric acid (GABA) fibers
to the major output nuclei, which
consist of the internal segment of
the globus pallidus and the pars
reticulata of the substantia nigra.
The output nuclei send inhibitory
GABA efferents to thalamic
nuclei that project back to the
cortex by way of excitatory gluta-
mate fibers. This circuit is known
as the direct FSC circuit 
(Figure 2). 

Indirect FSC pathway.
Inhibitory. The indirect pathway
tends to inhibit the thalamus and
decreases excitatory drive to the
cortex.18,19 This circuit involves
GABA projections, first from the
striatum to the globus pallidus
externa, then on to the subthala-
mic nucleus (Figure 2).
Projections then connect with
the globus pallidus interna and
substantia nigra by way of gluta-
mate neurons. The indirect path-
way also receives excitatory glu-
tamatergic input from many areas
of the cortex directly to the sub-
thalamic nucleus. 

This reciprocity of the direct
versus indirect pathways is
believed be involved in the initia-
tion and cessation of behaviors
required for adaptive
functioning.19 In the normally
functioning brain, a dynamic bal-
ance of neural tone in both path-
ways is required to allow the
appropriate expression and ces-
sation of behaviors.19

FSC NEUROCHEMISTRY
Several neurotransmitters

thought to play a role in bipolar
affective disorder are utilized in
FSC circuits including glutamate,
GABA, dopamine, acetylcholine

and serotonin.5,9,18 Interactions
between glutamate and GABA
fibers determine whether FSC
circuit output to the cortex will
be excitatory or inhibitory.18 The
role of the other neurotransmit-
ters is primarily one of modula-
tion.18

Dopamine has complex facili-
tation and inhibition effects on
FSC circuits.6 Dopaminergic
fibers project from the substantia
nigra pars compacta (SNpc) and
ventral tegmental area to the
striatum. The SNpc receives
input from the limbic circuits
including the ventral striatum.
Thus, the ventral striatum, by
way of projections to the SNpc, is
able to exert global regulatory
influence on dopaminergic input
to the entire striatum. It has been
hypothesized that this provides
the anatomical basis for the
diverse effects of dopaminergic
agents on motivation, thought,
behavior and motor activity.20

Further, this mechanism is
thought to provide “motivational”
input to modulate motor behavior
and reinforce successful 
experience.5

HYPOTHETICAL ROLE OF FSC
DYSFUNCTION IN BIPOLAR
DISORDER

Several authors have hypothe-
sized that orbitofrontal FSC cir-
cuit abnormalities may play a role
in the etiology of mood
disorders.7–10,12–14,21 Strakowski and
Sax have hypothesized that sec-
ondary bipolar disorder is the
result of decreased excitatory
drive to the orbitofrontal cortex.12

They theorize that injury to the
caudate may lead to a subse-
quent reduction in inhibitory
GABAergic transmission to the
globus pallidus with a correspon-
ding increase in inhibitory signal
to the thalamus and finally
decreased glutamate mediated
excitatory transmission from the
thalamus to the orbitofrontal cor-
tex. They also state that injury to
the thalamus would lead to
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decreased excitation to the
orbitofrontal cortex by a similar
mechanism.

Caligiuri and colleagues have
also suggested that a distur-
bance of FSC circuit inhibition of
the cortex may be related to
affective state in BD.8 Their
hypothesis is that cortical activi-
ty would increase during manic
states with corresponding
changes in FSC activation pat-
terns. They also suggest that the
lateralized findings in their study
may represent a compensation
mechanism in the opposite hemi-
sphere. 

Though similar in many
respects, the key difference
between these hypotheses is
whether thalamic drive and sub-
sequent frontal activation is con-
sistently decreased in bipolar
affective disorder or if this fluc-
tuates in synchrony with mood
state.

FSC SYNDROMES WITH
SYMPTOMS SIMILAR TO
BIPOLAR DISORDER

Lesions of three of the five
FSC circuits produce circuit-spe-
cific behavior syndromes.5,9,18

Three syndromes produce symp-
toms similar to those seen in
bipolar affective disorder, which
suggests that one or all of these
circuits may be involved in the
etiology of the illness. 

Akinetic mutism (anterior
cingulated syndrome). The
anterior cingulate syndrome,
sometimes termed “akinetic
mutism” in its most severe form
produces profound apathy,
motor and verbal inactivity and
indifference to thirst or
hunger.5,9 Less severe forms
result in loss of motivation, psy-
chomotor slowing and blunted
affect.18 This syndrome has simi-
larities with the depressive
symptom cluster often seen in
bipolar depression.1

Orbitofrontal syndrome.
The orbitofrontal syndrome
involves behavioral disinhibition

and emotional lability.5,9,18 The
syndrome typically involves disin-
hibited, tactless, and impulsive
behaviors,  impaired restraint in
social interactions, and has many
similarities with mania.18

Dorsolateral prefrontal syn-
drome. Finally, the dorsolateral
prefrontal syndrome includes
symptoms of executive dysfunc-
tion, such as difficulty focusing
and sustaining attention as well as
reduced verbal fluency and motor
programming.5 These symptoms
are similar to those seen in both
mania and depression.

FSC CIRCUITS IN
NEUROLOGICAL DISORDERS
HAVING PSYCHIATRIC
SYMPTOMS 

Accumulating evidence sug-
gests abnormalities in FSC circuits
play a role in the etiology of sever-
al neuropsychiatric disorders.
Many of these disorders are fre-
quently comorbid and/or have sig-
nificant symptom overlap with
BD. The neurobiology of move-
ment disorders is thought to
involve a disruption of the normal
balance between activities of the
direct and indirect FSC path-
ways.22

Parkinson’s disease. The cur-
rently accepted model for
Parkinson’s disease is that a loss
of striatal dopaminergic projec-
tions from the substantia nigra to
putamen results in a decrease in
motor cortical activation by way of
increased indirect and decreased
direct pathway influence.22

Further, impaired dopaminergic
neurotransmission to the caudate
and subsequent impairment of the
DLPF circuit is thought to under-
lie the executive dysfunction and
dementia associated with
Parkinson’s disease.22 Depression
is common in Parkinson’s disease
but mania does not occur except
secondary to treatment with
dopamine 
agonists.22

Wilson’s disease. Wilson’s dis-
ease is an inherited disorder of

copper metabolism, which
results in degeneration of the
putamen, globus pallidus, and
thalamus.22 Psychiatric symp-
toms are common with this dis-
order and include cognitive
deficits, major depression,
mania, and behavioral disinhibi-
tion.22 It is thought that the
behavioral disinhibition is medi-
ated by way of OF circuit dys-
function at pallidal and thalamic
levels.22

Huntington’s disease.
Huntington’s disease is a neu-
rodegenerative disorder that
involves the caudate.9

Psychiatric symptoms include
dementia, unipolar depression,
anxiety symptoms, and bipolar
disorder.9,22 Dementia is likely a
result of interruption of the
DLPF circuit.22 It is postulated
that the hyperkinetic symptoms
seen with this disorder are a
result of impairment of the indi-
rect pathways of the AC and OF
circuits.22

Sydenham’s chorea.
Sydenham’s chorea follows
antecedent infection with group
A streptococcus and is thought to
result in an inflammatory process
in the caudate, putamen, and
globus pallidus.22 Obsessive-com-
pulsive symptoms, hyperactivity
impulsivity, and distractibility are
thought to be the result of a rela-
tive preponderance of direct ver-
sus indirect tone in the OF cir-
cuit.22 

Tourette’s syndrome.
Tourette’s syndrome is character-
ized by the presence of chronic
motor and vocal tics. In addition
to tics, patients often experience
hyperactivity, inattention, and
obsessive-compulsive symp-
toms.22 It is hypothesized that the
neuropathology of this disorder
involves increased relative direct
pathway tone in the OF, AC, and
DLPF circuits at the level of the
caudate and globus pallidus.22

Hyperinnervation of the striatum
by dopaminergic neurons may
play a role also by shifting the
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balance of neurotransmission in
favor of the direct pathways.22

Focal brain injury.
Numerous studies have reported
associations between specific
brain lesions and bipolar symp-
toms.23–33 These studies (for a
complete review, refer to
Strakowski and Sax3) suggest
that different localizations of
lesions result in unipolar sec-
ondary mania (episodes of
mania only) versus secondary
bipolar disorder (episodes of
mania and depression).
Specifically, cortical injury to the
nondominant orbitofrontal or
basal temporal cortex appears to
produce unipolar mania in some
patients. However, subcortical
injury of either the head of the
caudate or thalamus appears to
be necessary for a secondary
cycling disorder to develop.12 In
regard to other FSC structures,
injuries to the globus pallidus
and ventral striatum do not
result in secondary mania.3,9

OTHER PSYCHIATRIC
DISORDERS WITH LIKELY FSC
CIRCUIT ABNORMALITIES

A number of psychiatric dis-
orders in addition to bipolar
affective disorder are now
thought to involve FSC circuit
abnormalities: 

Obsessive-compulsive dis-
order. Baxter and colleagues
have proposed a model of obses-
sive-compulsive disorder in which
there is increased direct pathway
OF circuit tone mediated at the
level of the caudate and 
thalamus.34

Schizophrenia. FSC circuit
abnormalities have been implicat-
ed in schizophrenia.35 It is
thought that in this illness,
hypofrontal activity, predomi-
nately in the dorsolateral pre-
frontal cortex, is associated with
chronic deficits in striatal gluta-
mate tone resulting in hyperac-
tive FSC dopaminergic neuro-
transmission.35 Further, the pri-
mary neuropathological process

is now thought to be the cortical
deficiency in cortical glutamate
neurotransmission rather than
hyperdopaminergia as was previ-
ously believed.35 Though the
exact pathophysiological mecha-
nisms underlying FSC abnormali-
ties remain incompletely under-
stood, the thalamus has been

implicated in schizophrenia,
because of its role in sensory gat-
ing, which is disturbed in psy-
chosis.36 Further, there is evi-
dence of abnormalities of
dopamine and glutamatergic sys-
tems at the level of the nucleus
accumbens.35 These abnormalities
likely are mediated by way of the

FRONTAL CORTEX

OUTPUT NUCLEI 
(Globus pallidus and 

Substantia nigra)

THALAMUS

INPUT NUCLEI
(caudate,

putamen, ventral
striatum)

FIGURE 1: SIMPLIFIED FRONTAL-SUBCORTICAL CIRCUIT STRUCTURE. This figure
depicts the general organizational structure of the frontal-subcortical circuits. This
is a simplified illustration showing only the direct pathway. All FSC circuits share a
general structure consisting of an information loop connecting the cortex, basal
ganglia, and thalamus. Information originates from many areas in the cerebral
cortex, travels first to the basal ganglia, then on to the thalamus, and finally
returns to the cortex. The caudate, putamen, and ventral striatum make up the
input nuclei and receive excitatory glutamate projections from multiple areas of
the cortex. The input nuclei then connect by way of inhibitory GABA fibers to the
major output nuclei, which consist of the internal segment of the globus pallidus
and the pars reticulata of the substantia nigra. The output nuclei send inhibitory
GABA efferents to the thalamus. Finally, the circuit is closed by way of excitatory
glutamate fibers that project back to the cortex. 
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DLPF circuit.5 The hypofrontal
activity would suggest a prepon-
derance of indirect over direct
activity. 

Attention-deficit/hyperac-
tivity disorder. Attention-
deficit/hyperactivity disorder is a
common childhood psychiatric
disorder. There is considerable
overlap between the symptoms of
hyperactivity seen with this ill-
ness and mania. Imaging studies
of those with the disorder have
revealed abnormalities in the
caudate and globus pallidus.37

Voeller has suggested that atten-
tion-deficit/hyperactivity disorder
involves dysfunction of the AC,
OF and DLPF circuits.37 This
would likely be mediated by a
relative increase in direct path-
way activity for the OF, and
DLPF circuits resulting in hyper-
active symptoms and increased
indirect activity in the AC circuit
resulting in inattentive symp-
toms.

Unipolar depression.
Several authors have hypothe-
sized that alterations in FSC cir-
cuits may play a role in the etiol-
ogy of unipolar depression.9,10,21

Neurological models of depres-
sion have consistently reported
involvement of the striatum and
stroke induced mood changes are
associated with infarctions of the
caudate.9,21,38 Functional imaging
studies in primary depression
have consistently revealed
decreased frontal lobe activation
and some authors have reported
changes in the amygdala, anterior
temporal lobe, cingulate, basal
ganglia, and thalamus.21 In regard
to FSC circuit structures, cortical
blood flow and metabolism are
decreased in the ventral striatum
but increased in the globus pal-
lidus, thalamus, and amygdala.10

The anatomical localization of
hypofrontal activity has been
found most consistently in the
dorsolateral prefrontal and
orbitofrontal areas.21 Therefore,
unipolar depression may involve
increased indirect activity in
those pathways.

FRONTAL CORTEX

OUTPUT NUCLEI 
(Globus pallidus and 

Substantia nigra)

THALAMUS

INPUT NUCLEI
(caudate,

putamen, ventral
striatum)

GLOBUS
PALLIDUS
EXTERNA

SUBTHALAMIC
NUCLEUS

FIGURE 2: DIRECT AND INDIRECT FRONTAL-SUBCORTICAL CIRCUITS. This figure
illustrates the direct and indirect frontal-subcortical circuits. The components of
the indirect pathway are shown by the two solid lines (GABA) and the dotted line
(glutamate) between the subthalamic nucleus and the output nuclei. The
subthalamic nucleus also receives direct input from the frontal cortex by way of
excitatory glutamate fibers, which are not shown in this illustration. The direct and
indirect pathways have reciprocal processing functions. Information that flows by
way of the direct pathway increases excitatory outflow to the cortex while the
indirect pathway decreases excitatory drive.

Glutamate fibers
GABA fibers (direct pathway)
GABA fibers (indirect pathway) 
GABA fibers (common to both pathways) 
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STRUCTURAL IMAGING,
NEUROPATHOLOGIC, AND
PHARMACOLOGIC FINDINGS
SUPPORTING FSC
INVOLVEMENT IN BIPOLAR
AFFECTIVE DISORDER AND
OTHER PSYCHIATRIC
DISORDERS

A comparison of structural
imaging to post mortem neuro-
histological studies of schizo-
phrenia and mood disorders
concluded there is overlap
between the abnormalities found
in both categories of disorders
but that subtle structural change
in the basal ganglia may be the
primary alteration in mood dis-
orders.39

There is evidence that phar-
macologic agents effective for
mood and psychotic disorders
act on structures involved with
FSC circuits. Antidepressant
treatment has been reported to
increase metabolism in the basal
ganglia as well as the cortex.40

Caudate enlargement has been
associated with antipsychotic
use in schizophrenia.41 The
actions of psychostimulants on
the brain may provide some
information about potential
abnormalities in bipolar affective
disorder. Psychostimulants have
the potential to induce mania
and many stimulant abusers
have mood disturbances.42 There
is evidence that FSC structures
may be affected by these agents.
For example, both the cortex
and basal ganglia may be altered
by methamphetamine abuse.
Specifically, postmortem studies
of methamphetamine abusers
have revealed deficits in striatal
dopaminergic markers.43 In addi-
tion, a recent PET study of
methamphetamine abusers
found abnormal glucose metabo-
lism in multiple brain areas
including the ventral striatum.42

Recent pharmacologic studies
suggest that mood stabilizers
have significant neuroprotective
and neurotropic effects in areas
involving FSC circuits.2,10,44,45

Structural imaging studies of

patients with bipolar affective
disorder support the concept of
abnormalities in brain regions
associated with FSC circuits in
bipolar patients. Structural imag-
ing studies in BD have not
reported general cortical atrophy
with exception of one study,
which reported cerebral atrophy
in females.46 In regard to specific
cortical regions, decreased pre-
frontal cortical volume has been
reported in most studies.
Magnetic resonance imaging
(MRI) studies have found gray
matter volume reductions of
approximately 40 percent in the
prefrontal cortex and decreased
gray matter in the left temporal
pole.10,47,48 A number of studies
have evaluated the basal ganglia
and thalamus in bipolar disorder.
Several studies reported no dif-
ference in the volumes of the
basal ganglia as compared to
normal controls.49–54 Other
research has reported increased
caudate volumes,11,55 no change
in the caudate,56 general striatal
enlargement,57 increased puta-
men volumes,56 and increased
pallidal volumes57 in bipolar dis-
order patients. In regard to the
thalamus, increased vol-
ume,52,58,60,69 reduced volume in
adolescent bipolar patients,60 and
no change in volume compared
to controls49–54 have all been
reported. 

Functional imaging studies in
bipolar disorder are limited by
small sample size and are con-
founded by the variable of treat-
ment with psychotropic medica-
tion. However, these studies gen-
erally support hypoactivity of
the frontal cortex during bipolar
depression.19,61–68 In mania, there
is evidence for increased activity
in the anterior cingulate cor-
tex69,70 and decreased activity in
other areas,71–74 including the
orbitofrontal cortex.72 In the
basal ganglia, there is evidence
of a general increase in activity
during mania75 as well a specific
increase in the globus pallidus,8

ventral striatum,76 and caudate.69

During depression, increased
activity of the thalamus and cau-
date have been reported.61

DISCUSSION AND
CONCLUSIONS

A substantial body of evidence
supports the existence of FSC
circuit abnormalities in bipolar
affective disorder as well as
other neuropsychiatric condi-
tions. Neurological syndromes
affecting the FSC circuits pro-
duce symptoms seen in bipolar
disorder. Neuropsychiatric disor-
ders with FSC pathology have
symptom overlap with BD and
damage to FSC structures can
result in secondary BD.
Postmortem, spectroscopic, and
structural imaging studies have
revealed abnormalities in FSC
structures of BD patients.
Functional neuroimaging studies
have reported abnormalities in
the ventral striatum, putamen,
caudate, globus pallidus, thala-
mus, and cortex. Recent pharma-
cologic studies suggest that
mood stabilizers have significant
neuroprotective and neurotropic
effects in areas involving FSC
circuits. Despite compelling evi-
dence for FSC circuit dysfunc-
tion in bipolar affective disorder,
the exact nature of FSC patholo-
gy is unknown. Further, it is
unclear if there are specific dif-
ferences between BD and other
neuropsychiatric conditions with
FSC circuit pathology. 

The FSC circuits mediate
motivation, social behavior,
motor activity, and executive
functioning. It is likely that
many, if not all, neurological and
psychiatric disorders with dys-
function in these areas share
FSC circuit pathology, and spe-
cific symptoms of each disorder
reflect which circuits are
involved and whether there is a
preponderance of direct versus
indirect activity. In general,
hyperkinetic syndromes involve
a preponderance of direct activi-
ty while hypokinetic disorders
involve a relative increase in
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indirect activity. Therefore, FSC
circuit dysfunction may repre-
sent a final common pathway of
symptom generation for a variety
of conditions. The underlying
cause of the circuit abnormality
may be highly variable and range
from neurodegeneration of FSC
circuit structures to abnormali-
ties of neurotransmitter circuit
modulation.
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